lated as a normal cutoff value. Ninety-four vessels that showed 10% or more stenosis by the NASCET method were regarded as a stenosis group, and the relationship between the percent stenosis and AcT was evaluated (Fig. 2) .
The percent stenosis was also evaluated by angiography (angio-NASCET) in patients who were judged by the attending physician to require the examination and consented to it. Angiography was performed using Advantx UNV (GE Healthcare, Japan) and Allura Xper FD 20/10 (Royal Philips Electronics, Amsterdam, Netherlands). Correlations between 2 variables were examined using Pearson's correlation coefficient. Comparisons between the 2 groups were made with Mann-Whitney's U-test at the P <0.05 level of significance. Concerning the percent stenosis and AcT, the sensitivity and specifi city Trial (NASCET) method. 5) The AcT and the flow velocity were measured using the duplex Doppler technique by avoiding curved parts of the vessel. The measurements were performed 2-3 cm above the carotid bifurcation in patients with no stenosis and 2-3 cm above the stenosed lesion in patients with stenosis ( Fig. 1) . The AcT was measured with the ultrasonographic apparatus, and the mean of 3 heartbeats was calculated. The sample volume was 2/3 of the vascular diameter, and the angle of incidence of ultrasound relative to the direction of the blood flow was set at 60° or less. If the flow velocity waveform showed 2 peaks, the time from the upstroke to the first peak was regarded as the AcT.
Of the 266 vessels, 172 that showed no stenosis were used as a control group, and the mean + 2SD was calcu- In the stenosis group (94 vessels), the AcT and the percent stenosis by ultrasonography showed a significant correlation (r = 0.64, P <0.01). Also, with the above cutoff value, 60% stenosis by the NASCET method could be predicted (Fig. 3) . A significant correlation was also noted between the peak systolic velocity (PSV) and AcT (r = 0.62, P <0.01). With the above cutoff value, stenosis with a PSV of 170 cm/sec could be predicted (Fig. 4) .
The AcT was prolonged in some vessels showing no increase in the PSV, but this was due to meandering observed between the carotid bifurcation and measurement site (Figs. 3 and 4; arrows) and near-occlusion of the ICA (Figs. 3 and 4; arrowheads).
When an AcT of 110 msec was set as the cutoff value, the sensitivity and specificity for NASCET ≥50% were 58.1% and 88.2%, those for NASCET ≥60% were 94.7% and 82.7%, and those for NASCET ≥70% were 100% and 75.9%, respectively (Fig. 5) .
Comparison with the results of angiography
Angiography was performed in 11 patients (11 vessels). The mean AcT was 138.5 ± 26.3 msec in the vessel on the affected side and significantly prolonged compared with 91.0 ± 24.7 msec on the opposite side (P <0.01). The percent stenosis determined by angiography was also correlated with the AcT (r = 0.70, P <0.01) (Fig. 6) .
A case in which the degree of stenosis could not be evaluated by ultrasonography due to calcification of the vascular wall is presented (Fig. 7) . The AcT of the ICA was prolonged to 122 msec, and 60% or severer stenosis were calculated using the receiver opera ting characteristic (ROC) curve.
results

Relationship between the AcT and the degree of stenosis by ultrasonography
The mean AcT was 79.0 ± 15.5 msec in the control group, and the mean + 2SD, which was 110 msec, was set as the cutoff value. artery stenosis depending on its severity. The NASCET method based on angiography is widely used for evaluation of the percent stenosis, 6) but complications accompanied by neurological symptoms occur in about 4% of patients undergoing angiography, 7) and there is also concern over adverse effects of the contrast agent.
On the other hand, as ultrasonography is a simple and noninvasive examination, it is routinely used in clinical practice. The NASCET method, European Carotid Surgery Trial (ECST) method, area stenosis rate, and PSV are used to evaluate the degree of stenosis by ultrasonography. Evaluation using the PSV, in particular, is known to be highly reproducible 8) and correlated with the angiographic NASCET percent stenosis, and PSVs of 150 cm/sec or higher and 200 cm/sec or higher suggest NASCET 50% or more and 70% or more stenosis, respectively. 3,9) However, in calcified stenotic lesions, measurement of the PSV is occasionally difficult by ultrasonography due to acoustic shadows.
We evaluated the relationship between the AcT and stenosis at the origin of the ICA. On vascular ultrasonography, if there is a stenotic lesion on the proximal side, the upstroke of the blood flow velocity waveform is known to become gentler, and the AcT to be prolonged, on the distal side of the lesion. 2) In this study, the AcT was significantly correlated with both ultrasonographic NASCET percent stenosis and PSV, and an AcT of 110 msec or higher suggested stenosis with a NASCET was suspected. Angiography of the same site showed 80% stenosis at the origin of the ICA, as expected from the AcT.
dIscussIon
CEA and CAS are considered as treatments for carotid set at 110 msec, the sensitivity was 58.1% and the specificity was 88.2% for an ICA stenosis of more than 50% by the duplex NASCET method. (B) The sensitivity was 94.7% and the specificity was 82.7% for an ICA stenosis of more than 60%. (C) The sensitivity was 100% and the specificity was 75.9% for an ICA stenosis of more than 70%. AcT: acceleration time; ICA: internal carotid artery; NASCET: North American Symptomatic Carotid Endarterectomy Trial The presence of stenosis on the proximal side makes the upstroke of the blood flow velocity waveform gentler. Therefore, evaluation of the acceleration, not the acceleration time, of the flow velocity during systole is also considered, but this problem will be tackled in the future. Also, it is necessary to pay attention that the AcT is considered to be prolonged in patients with a bend before the measurement site.
The value used as the cutoff was a reference value at our hospital, and so a cutoff value for general use should be determined by evaluating various factors involved in prolongation of the AcT. As this study aimed to compare the AcT with percent stenosis based on ultrasonography, it was also necessary for a definitive diagnosis by angiography. However, as the validity of the AcT could be confirmed by comparison with the results of angiography, the AcT may contribute to the diagnosis of significant stenosis on ultrasonography.
conclusIon
The AcT is one of the parameters that can be easily determined by ultrasonography. Measurement of the AcT 60% or above and a PSV of 170 cm/sec or above. In the ROC curve, when an AcT of 110 msec was set as the cutoff value, both the sensitivity and specificity for the detection of NASCET 60% or severer stenosis were high. NASCET 60% is a criterion for recommending CEA for asymptomatic carotid artery stenosis. 1) Therefore, the AcT is considered to serve as a reference for the selection of surgical treatment.
AS is known to be a factor prolon ging the AcT in the ICA. In severe AS, the AcT has been reported to be prolonged in the common carotid artery (CCA), ICA, and vertebral artery (VA). 10) Takekawa, et al. reported that these conditions can be excluded using the AcT ratio, calculated by dividing the AcT of the ICA by the AcT of the ipsilateral CCA. They also compared the AcT ratio and degree of stenosis, and reported that an AcT ratio of 1.5 or higher suggests NASCET 50% or severer stenosis and that an AcT of 2.0 or higher suggests NASCET 70% or severer stenosis. 11) In our study, we did not perform transthoracic echocardiography in all patients and did not precisely evaluate AS, but patients with severe AS, confirmed by checking with the chart or attending physician, were excluded. With a check of the history for AS, evaluation of stenosis at the origin of the ICA is consid- 
